Purpose: This study empirically analyzes whether the rapid growth of loans and risktaking behavior during the expansion of loans affected non-performing loans (NPLs) and the solvency of financial institutions in the Turkish banking system.
Introduction
As the International Monetary Fund, Ernst & Young1, and other agencies point out, the Turkish banking system has a relatively low proportion of non-performing loans (NPLs), despite the recent economic downturn and foreign exchange risk. Nevertheless, this ratio varies from bank to bank, and some banks are more sensitive than others are. Although NPLs are not high by regional standards (or compared to some Eurozone member states) and are well configured, analysts, and sector participants are increasingly aware of the risk of rising balance sheet ratios. After several years of rapid credit growth, several factors may lead to an increase in NPLs, including a slowdown in economic growth, a pullback in the economy, and a fall in investor sentiment.
NPLs gained research attention in recent years due to the increasing interest in understanding the variables that are vulnerable to a financial crisis. NPLs are one such indicator that is linked closely to weakness in the financial and banking system. We can confirm this by the close relationship between the surge in NPLs and solvency. Though Louzis et al. (2012) and Reinhart and Rogoff (2011) point out that the increase in NPLs marks the outbreak of the banking crisis, NPLs are also significant after the global crisis. Certainly, the global financial crisis led to a surge in NPLs, which also pose a risk to the profitability and liquidity of the banking system, as well as financial stability.
In the early 1980s, Turkey's financial sector relaxed the process of neoliberalism. These provisions increase the efficiency of the Turkish banking system (Zaim 1995) . Through these reforms, Islamic finance emerged, called Special Financial Houses2. Despite these reforms, Selcuk (2010) and Afsar (2011) argue that there was a prompt increase in NPLs after the global crisis. In addition, the global crisis challenged both the Turkish banking sector and the changes in NPLs after the crisis and ownership as key drivers of this change. According to Blejer (2006) and Shahzad et al. (2019) , financial efficiency is an important issue because it improves financial stability. In rapidly changing global financial markets, bank managers, regulators, and investors pay more attention to converting their expensive inputs into more effective financial products and services.
Banking is the mainstay of the Turkish financial system. In particular, total banking assets account for about 87% of the Turkish financial system (CBRT, 2016) . This is the main motivation for analyzing NPLs, which provided important feedback in financial stability. At the same time, the global crisis forced the Central Bank of the Republic of Turkey (CBRT) to supplement financial stability. Therefore, this analysis can also inform monetary policy related to macro-prudential issues (BASCI and Kara 2011) .
We specifically examine the relationship between loan growth and bank risk-taking behavior and discuss the impact of loan growth on financial health. To assess the different perspectives on the relationship between credit growth and bank risk-taking behavior, this study uses micro-level data from 59 Turkish banks3 between 2011 and 2017. To understand the effect of loan growth on the financial system, we use the two-step GMM (Generalized Method of Moments) estimation technique. Thus, this study contributes to the literature in two ways. First, it analyses 5 types of banks: commercial, corporate, real state, investment, and Islamic banks. Second, we also include additional variables such as political stability and the rule of law to check their impact on NPLs and solvency.
Literature review
We divide this section into three. First, we provide a brief summary of the studies on only the Turkish banking industry's efficiency. Second, we discuss available research on NPLs in the bank literature. Finally, we focus on the gaps in the current literature.
Turkish banking industry background and research on efficiency

Background
As early as 2002, the Turkish banking system invested the capital of investing depositors in high yield government bonds. This is a profitable business. Inflation adjustments for government bonds between 2002 and 2005 have an "actual" yield rate of up to 15% on average. The profitability of this market does not apply to reasonable retail and SMEs. Banking business has a real appetite; of the total bank assets, 40% were invested in government securities, and the share of loans at the end of 2002 was as low as 23%.
In short, bank loans are expensive, government bonds crowd out the financial market, and the average household disposable income leaves no room for great personal leverage (Selim Elhadef 2016; .
However, the implementation of the proposed reform aimed at restoring fiscal and monetary discipline was postponed, leading to complete market instability. The banking industry inevitably experienced a systemic crisis that peaked in November 2000, particularly due to a large number of bad loans. The crisis also led to a severe contraction in economic activity. The government, with support from the IMF, announced a comprehensive plan to reduce inflation and public sector debt, and to restructure the banking system in May 2000.
The Turkish economy, as well as its banking system, faced problems arising from a failed military coup attempt in July 2016, which led to a fall in the overall economy and banking sector. This event also had a negative impact on the Turkish Lira against the US Dollar exchange rate.
Review of studies of the efficiency of the Turkish banking sector Fukuyama and Matousek (2011), Denizer et al. (2007) , and Ozkan-Gunay and Tektas (2006) apply three-input and three-output Fourier flexible cost function specifications to investigate the efficiency, economies of scale, and technological advances in Turkish banks for 1988-1998. Their results confirm that the Turkish banking system has significant inefficiencies and economies of scale during sample period. These studies also focus on analyzing bank efficiency before and after the crisis. From 1990 to 2001, the sample batch included non-public commercial banks. The authors find that bank efficiency gradually declined during this period, and that the 1990 and 1994 crises had a negative impact on bank efficiency. Berger and Humphrey (1997) report that most of the studies on bank efficiency (about 95%) focus on developed countries, of which 70% are on the United States. Many researchers believe that more studies should compare and measure the efficiency of banks in different countries to help ensure global financial stability (Beim and Calomiris 2001; Berger and Humphrey 1997; Eichengreen and Arteta 2002) . Berger and Humphrey (1997) use a national database to assess the technical, configuration, and cost efficiency of conventional banks and participating banks. Us (2017) and Jermias and Yigit (2018) suggest that analyzing traditional loans such as mortgage lending may also help policymakers directly identify loan types and the factors that result in NPLs. Isik and Hassan (2002) observe the efficiency of Turkish banks for 1988-1996. They apply nonparametric and parametric methods and find that the inefficiency of Turkish banks comes mainly from diseconomies of scale. They also show that foreign banks operate more efficiently than their domestic counterparts do. Louzis et al. (2012) used nine Greek deposit banks for 2003 and the first quarter of 2009 for the third quarter, by following Blundell and Bond's (1998) system GMM estimator to analyze the factors that affect the NPL ratio. They conclude that economic growth, unemployment, public debt, interest rates, and profitability measured by return on equity (ROE) have a considerable impact on the proportion of NPLs in Greek banks (commercial, consumer, and mortgage loans). Mester (1996) and Chao et al. (2019) use non-performing assets as a control variable in the cost function of a sample from the Bank of America. Their results show that bad loans have a significant negative impact on total costs. Boudriga et al. (2010) and Li et al. (2016) use a randomized regression analysis to examine how bank-specific institutions, the business environment, and macroeconomic environmental indicators affect NPLs in the Middle East and North Africa (MENA) region rate using a sample of 46 banks from 12 countries for 2002-2006,. They find that the institutional environment, bank capital, loan loss provisions, credit growth, foreign participation, and problem loans are significantly related. Figure 1 showing our sample period of NPL of Turkey how this changes during the period. Foos et al. (2010) use bank-scope data for 16,000 banks in 16 major countries from 1997 to 2007 and find that previous abnormal loan growth is directly related to overall levels and loan losses at the individual bank level. Additionally, excessive loan growth hurts bank interest income, which reduces profitability. On the surface, a large increase in loans reduces the capital ratio, which has a negative impact on solvency. Messai and Jouini (2013) study the determinants of NPLs in Spain, Italy, and Greece for 2004-2008, and find that banks increased their provisions for bad loans and bank assets for NPLs. Cottarelli et al. (2005) and Kraft and Jankov (2005) provide evidence that loan losses are related to rapid loan growth and increased bank risk. Recently, academic researchers focusing on rapid expansion examined the changes in China's banking industry. Much research focuses on banks in China in terms of their productivity and performance, and the overall effectiveness of the country's banking system (Ariff and Luc 2008; Berger et al. 2009; Xiaoqing Maggie and Heffernan 2007) .
NPL-related literature
Theoretical background Stiglitz and Weiss (1981) provide theoretical support for moral hazard theory, also known as hazard and adverse selection in finance, which is defined as the likelihood that the success of an entrepreneur who borrows from a bank to finance a new business may depend on corporate efforts that the bank cannot directly monitor. Over time, to reward this hidden effort, the borrower must derive considerable profits from the success of his venture capital. This need allows borrowers to earn enough profit from their success to impose an upper limit on the rate that banks can charge. Therefore, even if qualified, enthusiastic borrowers cannot find funds and interest rates may not rise.
Literature gap
From this literature review, we can see several important gaps that we intend to address in this study. First, although many studies analyze NPLs by bank-and macro-specific variables, these studies did not consider political stability and the rule of law when measuring the macro variables. Second, we use a more extensive and recent data set here; our sample period also includes a failed military coup attempt, so our study differs from most prior related studies that mainly adopt shorter sample periods. Third, we use GMM system two-step estimates to examine NPLs with loan growth and GMM system two-step estimates to examine solvency with loan growth. This method avoids the endogeneity problem when testing the data.
Additionally, while this method is not unique to the literature on the solvency of Turkish banks, it contributes to the overall literature on bank solvency. The literature review shows that only a few studies include a bad output (i.e., bad loans) in their model. We also use the maximum number of related macro and micro control variables to help address the gap in the literature.
Hypotheses and theoretical framework
The first assumption examines how the growth in loans affects Turkish banks. Future loan defaults are related to expansion loans, which tend to increase credit loss preparation and may lead to a loan loss reserve. Studies of borrower behavior reveal that borrowers do not default instantly after getting bank credit (Berger and Udell 2004; Zhang et al. 2019) . Therefore, we assume that prior loan growth is converted into an NPL increment.
H1: swift growth in loans raises the amount of NPLs
In the second assumption, we explore how loan growth influences solvency. Capital growth is a vital cause of shocks and the increase in a competitor's position. Power of capital indications steady banks and large networks provide their business. Therefore, monitoring is crucial the whole organization's operation. Consequently, common events will have a comprehensive effect on business risk. Furthermore, loan growth may increase as banks maximize capital, resulting in a decline in the capital ratio to risk-weighted assets.
H2: abnormal loan growth affects a bank's solvency Figure 2 illustrates the theoretical framework of this study.
Data and methodology
Data
We use annual balance sheet and income statement data from 2011 to 2017 collected from Bankscope's bank-specific variables, namely NPLs, loan growth, bank assets (Total assets), solvency, leverage, and efficiency ratios. We collected data on macroeconomic variables such as the gross domestic product (GDP) growth rate, unemployment rate, the rule of law, and inflation rate from world development indicators. All data items are denominated in U.S. dollars.
When there is a direct or indirect nonlinear relationship between inflation, unemployment, GDP growth, the rule of law, and bank-specific variables, it is important to include macroeconomic effects in the model. Chadwick (2018) and Ari and Cergibozan (2018) suggest that macro-prudential tightening can effectively curb loan growth and loan growth volatility, and lower consumer price inflation. Additionally, this effect is more pronounced when macroprudential tools are coordinated with monetary policy. We thus include macrolevel control variables in our analysis to control the macro-level consequences. The rise in inflation prevented companies from earning higher profits, thus reducing progress and impeding the potential for financial growth. Credit processing has a positive effect on real GDP (Tinoco-Zermeño et al. 2014; Shahzad 2019) . Changes in the unemployment rate lead to the expansion or reduction in household repayment capacity; however, a rise in the unemployment rate weakens the ability to repay loans and increases the bad debt ratio. Governance plays a vital role in developing countries, and it is also an important indicator of financial health. Poor governance and the relaxation of the rule of law decrease investor confidence, profitability, and efficiency. The 1997 The -1998 Asian financial crises demonstrated the influence of corporate governance instability (Johnson et al. 2000) . Table 1 summarizes the notation and definition of the variables, as well as their expected signs.
Before conducting the empirical analysis, we check the correlation between the control variables and the independent variables. It seems to support the hypothesis that each independent variable has its own specific ability to interpret bank-and macroeconomy-specific variables. Table 2 reports the descriptive statistics for the variables, including the mean, standard deviation, minimum, and maximum. Table 3 shows the 5% significance level in the correlation matrix.
Econometric estimations
We analyzed the effect of loan growth on NPLs during 2011-2017. In H1, we test whether the rapid growth of past loans is related to the gradual decline in the average credit quality of the loan portfolio of financial institutions. Therefore, we adopt the two-step generalized moment estimator (GMM) estimate established by Arellano and Bond (1991) . We follow Foos et al.'s (2010) generalized moment method to estimate the impact of loan growth on bank risk. To determine the strength of over recognition constraints in the model, we use the Sargan test and the AR (1) and AR (2) tests (firstand second-order autocorrelation tests) to achieve zero correlation or no correlation. The number of observations in any given regression depends on the model-specific data requirements.
GMM estimation
Recent research on corporate finance, particularly on idiosyncratic and firm life cycles, reveals concerns about potential endogenous biases. Simple OLS can have considerable biases regarding endogeneity. However, other studies identify two other forms of endogeneity: dynamic endogeneity and simultaneity endogeneity (Nguyen et al. 2015; Wintoki et al. 2012) . Dynamic endogeneity exists when the present value of an independent variable is the result of past performance or risk. In our case, a firm goes through different lifecycle stages, and past performance determines the firm's life cycle stage. Although four FLCS (firm life cycle stages) variables are determined simultaneously, and each variable may affect other variables at the same time (Schultz et al. 2010; Tan and Ma 2016; Tan et al. 2018) . Therefore, dynamic endogeneity and simultaneity endogeneity may lead to estimation bias. We cope with these biases using the GMM estimation method (Arellano and Bond 1991; Blundell and Bond 1998) . One of the strengths of GMM estimation is that it uses internal instruments from the panel itself; that is, the post-lagged values of the variables. Thus, a GMM estimation is the most appropriate and robust model for corporate finance research.
Loan growth and NPLs
We test the effect of bank-and macro-economy-specific variables on NPLs using the following models.
Model 1
Model 2 
1.000
Note: ( a ) denotes 5% or higher level of significant
Model 3
In Eq. 1, NPL refers to the ratio of NPLs to gross advances and LG refers to loan growth. The models incorporate various bank-specific variables (total assets, leverage ratio, and efficiency), and macro-economy-specific variables (GDP, inflation, rule of law, unemployment, and political stability). We used three models with different macroeconomic variables to check the robustness of the results.
Loan growth and bank solvency
We teste the effect of bank-and macro-economy-specific variables on solvency using the models below.
Model 4
Model 5
Model 6
In Eq. 5. SOL refers to solvency and LG refers to loan growth. These models also include bank-specific variables (total assets, leverage ratio, and efficiency) and macroeconomy-specific variables (GDP, inflation, rule of law, unemployment, and political stability). We use three models with different macroeconomic variables to check the robustness of the results.
Results and discussion
This study confirms the findings on macro-economy-specific and bank-specific factors affecting NPLs and solvency empirically. Many empirical studies point out that an increase in loan activity will eventually lead to future NPLs (Foos et al. 2010; Kraft and Jankov 2005) . These studies find that the competition for short-term profit enhances the strategies of bank managers under favorable economic conditions and is the main reason for the increase in NPLs. Table 4 shows that loan growth has a highly significant positive relationship with NPLs in all three of our models at the 1% level. Our results are robust because we used three combinations of control variables. This result indicates that the increasing trend in future loan losses will lead to financial weakness. If a financial institution or multiple banks begin to issue unusual loans to earn short-term profits, then it will certainly lead to loan losses. When bank managers get targets from their senior managers, they may ignore lending policies. That is, they may aim to meet the targets assigned by senior managers by giving loans without the necessary documentation. We also find a highly significant negative relationship between size and NPLs in all three models. This result indicates that Turkish banks are trying to improve their assets through investment, and lending to households and different businesses. Such strategies might increase NPLs. Furthermore, adjusting producer and consumer plans during an expansionary lending period might increase the chance of issuing NPLs. Such activities also tend to decrease assets (Tinoco-Zermeño et al. 2014 ). On the contrary, compared with smaller institutions and banks, institutions have a more efficient team than most and can manage risks most effectively. Our study findings are in line with those of Kashif et al. (2016) , who study Pakistan's banking sector and also find that an increase in the previous year's loan growth has a positive relationship with NPLs, which in turn decrease the bank's solvency with a time lag of many years.
As we expected, there is a negative and significant relationship between leverage and NPLs, which creates direct obstacles to balance sheet expansion and a liquidity contraction due to the increase in this ratio. These results also seem to indicate the potential for future bad loans due to poor governance and the lack of information symmetry. However, we find that the efficiency ratio has a highly significant, positive relationship LG it is loan growth collected from bankscope which is our main independent variable in the model that influence on the dependent variable; we also add Lag of loan growth to find previous year effect on non-performing loans. Size it denotes natural logarithm of total assets. LEV it stands for a leverage ratio that is calculated as total equity to total assets. We expected an adverse relationship between NPLs and leverage ratio. EFF it : non-interest expenses to total assets represent the efficiency ratio. NPLs will increase due to an increase in the provision of loan losses occur due to bad loaning. GDP t , INF t , UNEMPL t , ROL t, and POLST t denotes gross domestic product, inflation, unemployment, rule of law and political stability respectively used as a macro (control variables) in the model for the purpose of most robust results of coefficients. For further descriptions of these variables, please see (Table 1 Main variables) with NPLs. This seems to suggest that extensive advancing activities tend to increase the loan loss provisions. We found a highly significant negative association between GDP and NPLs. These results indicate that high GDP growth helps reduce loan losses. It is clear that high GDP growth helps improve regional living standards, resulting in good financial conditions, ethical values, and a better ability to repay loans. The rapid growth in GPD increases the income of businesses and individuals. These results confirm the results in Foos et al. (2010) and Salas and Saurina (2002) . Surprisingly, we found a negative relationship between NPLs and inflation. Our control macro variable unemployment has a positively significant relationship with NPLs; higher unemployment seems too increase NPLs.
Economic development is thoroughly related to political stability. Uncertainty due to an unstable political situation may diminish the rate of investment and economic development. On the other hand, poor economic performance may lead to the collapse of the government and political turmoil (Alesina et al. 1996) . Political stability and the rule of law both have a negative relationship with NPLs.
The increase in loans results in an increase in NPLs, suggesting that financial institutions are at risk due to the abnormal growth in loans. We next test whether loan growth will precipitate the overall decline in bank solvency. Table 5 reports the results of testing solvency using bank-and macro-economyspecific variables. Though a stable, active balance sheet can encourage managers to increase returns through investment and loans, growth in NPLs is bound to play a role in the bankruptcy of financial institutions. We found a highly significant negative relationship in all relevant models of loan growth and solvency. These results are robust LG it is loan growth collected from bankscope which is our main independent variable in the model that influence on dependent variable Solvency, Size it denotes natural logarithm of total assets. EFF it : non-interest expenses to total assets represent the efficiency ratio. Solvency will decrease due to the increase in non-interest expenses include all time of salary payments, provision of losses, professional services fee, taxes, and property leases. GDP t , INF t , UNEMPL t , ROL t and POLST t denotes gross domestic product, inflation, unemployment, rule of law and political stability respectively used as a macro (control variables) in the model for the purpose of most robust results of coefficients. For further descriptions of these variables, please see (Table 1 Main variables) and show that abnormal loan growth tends to decrease a bank's solvency. We found a significant positive association between size (total assets) and solvency in all models. These positive results indicate that through effective adjustment and supervisory actions, financial institutions and commercial banks can increase their size to solve bankruptcy problems. Large banks have more capacity to bear risk and have more opportunity to invest in new business, which has a positive impact on solvency and can help the institution move solvency in a positive direction.
The efficiency ratio has a highly significant indirect relationship with solvency. Under favorable economic conditions, banks enjoy a healthy financial environment, despite increasing their returns and profits through extensive borrowing as compared with profits, a lower provision for losses and fixed costs, strong political stability, and reasonable legal rules, which create ideal scenarios for business expansion. Therefore, for both models 4 and 5, GDP shows a highly positive relationship at the 1% level, indicating that a stable economy can ensure that supporting financial institutions will have solvency in the future. Inflation and the unemployment ratio show the expected negative relationship.
The ROL (role of law) and political stability have significantly positive relationships with solvency, which indicates that strong law enforcement agencies and a stable political situation will have a positive impact on a bank's solvency. Political stability plays an important role in economic growth, but in a growing economy, the financial sector is a pillar and makes a significant contribution.
Conclusions and policy implications
After the global economic crisis, researchers, regulators, and policymakers studied the influence of banks and macroeconomic factors on NPLs. In our study, we used advanced panel data analysis methods, specifically GMM system two-step estimates to investigate the factors that influence the NPL ratios of 59 banks in the Turkish banking industry from 2011 to 2017.
As the increase in NPLs is a significant feature of the financial crisis, many empirical studies focused on NPLs. To maintain the bank's financial/loan stability, determining the increase in the NPL ratio in the banking system is a crucial issue. The last global financial crisis emphasized the importance of banking systems in most advanced and emerging market economies. Many banking systems had structural weaknesses such as bad loans, dangerous financial applications, and moral hazard, bad governance, skimping, and bad debts during the last few decades. This study's results affirm the findings in the literature; that is, the rapid growth of loans has the most serious impact on a bank's balance sheet.
Many studies show that debtors do not immediately go bankrupt after receiving prepayments, but generally require more than 3 years. Although prior studies show that the increase in abnormal debt in the previous year was positively correlated with the loss on bank and personal bank loans (Foos et al. 2010) , our study contributes to the literature by confirming these results using a set of different micro and macro variables. Specifically, loan growth increased NPLs, which in turn affect a bank's solvency. Nevertheless, abnormal loan growth during a loan boom tends to increase NPLs, which directly affect the decline in capital ratios and results in the bankruptcy of banks. This study contributes to the literature by including a robust set of macro variables (GDPt, INFt, UNEMPLt, ROLt, and POLSTt) in different models. Our finding clearly shows that due to the increase in NPLs, a sudden fall in the capital tends to decrease solvency. These problems may weaken the banking system and cause payment difficulties. NPLs decrease bank assets, which leads to bank insolvency. Macroeconomic variables also affect a bank's financial stability. Therefore, these issues must be addressed to create sustainable macroeconomic conditions, rapid economic activity, high economic performance, new job creation, and financial stability. Otherwise, the potential risks in the banking system may decrease economic growth, and increase unemployment and prices, thereby leading to an economic and/or banking crisis.
Future research can adopt various macroeconomic and bank-specific variables and different estimators to explore the association between these variables and a bank's bad loans. First, the impact of these factors on NPLs can be analyzed in deeper for the Turkish banking sector. Second, it may be worthwhile for Turkey to use different econometric methods to study credit risk. The results can be debated based on the results of previous banking studies and the related assumptions.
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